In this research mixed matrix PVC based-co-clay nanoparticles heterogeneous cation exchange membranes were prepared by solution casting technique. The effect of clay nanoparticles concentration in the casting solution on membrane electrochemical properties was studied. Scanning optical microscopy (SOM) images showed uniform particles distribution and relatively uniform surfaces for the prepared membranes. The membrane water content was improved initially by an increase of additive content ratio up to 1%wt in casting solution and then it began to decrease by more additive concentration. Moreover, swelling was measured less than 5% in thickness and negligible in length and width for the prepared membranes. Membrane potential, transport number and permselectivity were improved by increase of nanoparticles loading ratio. Utilizing Cloisite nanoparticles up to 1%wt in the casting solution also led to an increase in permeability and flux for prepared membranes. The ionic permeability and flux were decreased again by a further increase in additive concentration from 1 to 4%wt. Also, membranes exhibited lower permeability and flux for bivalent ions in comparison with monovalent type. The membrane E-conductivity and mechanical strength was enhanced by an increase of nanoparticles concentration in membrane matrix. The modified membrane containing 1% wt clay nanoparticles showed more suitable electrochemical properties compared to others.
Preparing heterogeneous cation exchange membranes with specially adapted physico/chemical properties for application in electrodialysis processes related to water recovery and water treatment was the primary target of the current research. For the purpose, mixed matrix polyvinylchloride-co-clay nanoparticles heterogeneous cation exchange membranes were prepared by solution casting techniques using cation exchange resin powder as the functional group's agent and tetrahydrofuran as the solvent. PVC is a flexible and durable polymer with suitable biological and chemical resistance (Harper ; Mark ) . Clay nanoparticles were also employed as inorganic filler additive in membrane fabrication.
Currently no reports have considered incorporating clay nanoparticles into ion exchange membranes and the literature is silent on characteristics and functionality of electrodialysis IEMs.
The effect of used additives' concentration in the casting solution on membrane electrochemical properties was studied. During the experiments, sodium and barium chloride were employed as ionic solutions for membrane characterization. The results are valuable for electro-membrane processes, especially the electrodialysis process for water recovery and water treatment. 
MATERIALS AND METHODS

Materials
Preparation of cation exchange membranes
In order to undertake preparation of the membranes, resin particles were dried in an oven at 30 W C for 48 h and then pulverized into fine particles in a ball mill and sieved to the desired mesh size. The ion exchange resin with desired particles size (-325 þ400 mesh) was used in membrane fab- Table 1 .
Test cell
The membranes' electrochemical properties measurements were carried out using the test cell ( Figure 
Membrane characterization
Morphological studies
The behavior of prepared membranes is closely related to their structure, especially the spatial distribution of the ionic site (Li et al. ) . The structures of prepared membranes were examined by scanning optical microscopy (SOM Olympus, model IX 70) in transmission mode with light going through the membrane for scanning purposes.
Water content
The water content was measured as the weight difference between the dried and swollen membranes. The wet membrane was weighed (OHAUS, Pioneer TM , Readability: 10 À4 gr, OHAUS Corp.) and then dried in an oven until constant weight was obtained. The following equation (Sata ; Li et al. ; Tanaka ) can be used in water content calculations:
Ion exchange capacity (IEC)
The IEC determination was performed using the titration method. For the IEC measurements, the membranes in acid form (H þ ) were converted to Na þ form by immersing The procedure for IEM preparation
Step 1 Resin particles drying (at 30 W C for 48 h)
Step 2 Resin particles pulverizing (-325 þ400 mesh)
Step 3 Polymer dissolving into solvent (for 5 h)
Step 4 Resin particles and additive dispersing in polymeric solution
Step 5 Sonication of polymeric solution (for 1 h)
Step 6 Mixing of polymeric solution (for another 30 min)
Step 7 Casting (at 25 W C)
Step 8 Film drying (at 25 W C for 30 min) and immersing in water
Step 9 Membranes pretreatment by HCl and NaCl solutions (4) orifice, (5) rubber ring, (6) 
where a is the milli-equivalent of ion exchange group in membrane and W dry is the weight of dry membrane (g).
Membrane potential, transport number and permselectivity
The membrane potential is the algebraic sum of Donnan 
where t i m is the transport number of counter-ions in membrane phase, R is gas constant, T is the temperature, n is the electrovalence of counter-ion and a 1 , a 2 are solutions electrolyte activities in contact membrane surfaces.
The ionic permselectivity of membranes is also quantitatively expressed based on the migration of counter-ions 
where t 0 is the transport number of counter-ions in solution (Lide ).
Ionic permeability and flux
The ionic permeability and flux were measured using the 
where P is ionic permeability (coefficient diffusion) of ions, d is membrane thickness, N is ionic flux, A is the membrane surface area, V 0 is the volume of each compartment in the used test cell and C is the cations concentration in the compartments.
The boundary conditions were as follows:
Therefore:
The ionic permeability (P) in membrane phase is calculated from Equation (7) considering pH changes in cathodic section (Digital pH-meter, Jenway, Model: 3510).
Electrical resistance
The electrical resistance of equilibrated membrane was measured in NaCl solution with a concentration of 0.5 M (at 25 W C). Measurement was carried out by an alternating current bridge with 1,500 Hz frequency. The membrane resistance is calculated using the different resistance between the cell (R 1 ) and electrolyte solution (R 2 ) (R m ¼ R 1 À R 2 ) (Sata ; Tanaka ). The areal resistance was expressed as follows:
where r is areal resistance and A is the surface area of membrane.
Mechanical property
The tear resistance as a mechanical property of prepared membranes was tested according to ASTM1922-03. Before undertaking the tests, all samples were cut into standard shapes in ambient conditions. Three samples were used in each test and the average values were reported.
RESULTS AND DISCUSSION
Morphological studies
Scanning optical microscopy studies have been carried out to evaluate the condition of the resin particles (ionic sites) and nanoparticle spatial distribution in the membrane matrix. 
Ionic permeability and flux
During the experiment, ions pass through the membrane and reach the concentrated section. According to anodic A comparison between the selectivity and areal electrical resistance of prepared membranes in this study and some commercial membranes is given in Table 2 .
Mechanical property and dimensional stability
During the preparation process, the loss of molecules solvent introduces cavities and voids between the particles and polymer binder region due to evaporation. These 
